Increasing accumulation of lead in body causes serious health problems. Chelation is widely used to decrease lead level in body. This research aims the effectivity of chitosan in chelating lead and their protective ability toward liver and kidney for lead acetate-induced rat. Thirty rats were divided into 6 treatment groups. All groups, except control group, were administered by 175 mgkg -1 BW lead acetate. Positive control group was treated using EDTA 50 mgkg -1 BW. Treatment group 1,2, and 3 were treated using chitosan in dose of 64, 32, and 16 mgkg -1 BW dissolved in 2% acetic acid, respectively in 30 days. The effectivity of chitosan was compared to blood lead level. ALT and AST level were measured to determine the protective ability of chitosan. Normal function of kidney was assessed using creatinine level. Results showed that blood lead level from all treatment groups, except negative control group, had no significant difference from control group. EDTA and chitosan ability in chelating lead were proven by low level of AST, ALT, and creatinine in treatment groups. This indicated that there was no significant difference from control group. Chitosan capable of chelating lead and protecting kidney and liver from heavy metal.
shows that ALT activity significantly increases following a Pb only treatment (Omotoso, et al., 2015) . High level of oxidative stress also accelerates kidney damage. Kidney damage is marked by several symptoms, which are proteinuria, aminoaciduria, glycosuria, acidosis of kidney tubulars, and cellular gips. Inclusion bodies become prominent in tubular proximal cell in blood lead level of 40-80 µg/dl (Sujatha, et al., 2011) .
In order to resolve the lead pollution, sufferers often receive EDTA (Ethylene diamine tetra acetic acid) admission therapy. In many cases of lead toxication, EDTA is administered through intravenous injection. This admission is curative, since people tend to agree of having intravenous injection of EDTA after suffering from the pain. EDTA chelates many types of heavy metals, including lead. However, EDTA admission exerts many side effects. Normal function of kidney must be first examined before admission of a chelating agent.
EDTA usage tends to be more curative rather than protective. Meanwhile, chronic exposure of lead will defect many organs. Using a protective chelating agent becomes more important due to harmful exposure of lead in many organs. One of the chelating agents that has protective effect is chitosan. Chitosan is a copolymer that consists of (1,4)-d-glucosamine and (1,4)-N-asetil-dglucosamine. Chitosan is a crystal polysaccharide which is made of chitin deacetilation. Chitin is widely used as nontoxic biodegrading agent. Chitin is different from chitosan since chitin has acetyl group, meanwhile chitosan has NH 2 group. NH 2 group in chitosan will bind to many metal ions. Recent research shows that chitosan effectively absorb those heavy metal ions (Ben-shalom, et al., 2005) .
The difference between the structure of chitin and chitosan is on the presence of acetyl in chitin and NH 2 group. NH 2 group in kitosan will interact with metal ions and research showed that Chitosan with efficient to absorb these metal ions (Ben-shalom, et al., 2005) .
Several researches have been conducted towards human and animal using orally administered chitosan. Chitosan does not affect food intake, but decrease weight and significantly increases total fat and cholesterol excretion, lessens fat in plasm and liver, also increase lipase lipoprotein activity (Zhang, et al., 2008 ). chitosan also lowers triglyceride level, cholesterol level, and weight. Chitosan absorbs fat and excrets itthrough faeces, resulting in decreasing fat absorption. Chitosan also increases δ-ALAD enzyme actvity and haemoglobin level of lead acetate-ex-
INTRODUCTION
Expanding industries causes increasing number of reported lead pollution incident from working environment. Lead (Pb) pollution from working environment was reported by Marianti et al. (2016) . Results showed that 80% of the employees working for more than two years in a brass industry in Pati, Jawa Tengah, had blood lead level above 40 µg/dl. This value passed the threshold limit value for lead assigned by NIOSH (National Institute for Occupational Safety and Health) and CDC (Centre for Disease Control and Prevention), which was 10 µg/dl. Lead is not the raw material of brass industries. However, it is assumed that the raw materials of given industries contain lead. Gunawan, et al. (2013) reported that blood lead level from 41 employees working at a battery melting industry for 1 to 8 years in Kebasen, Adiwerna, Tegal, ranged from 0,6 to 108,3 ppm. Around 51% of total workers in metal melting industry in Ceper, Klaten, has high blood lead level, surpassing quality standards assigned by NIOSH (Ambarwanto, et al., 2015) . Lead pollution also occurs in urban areas. This area is mainly affected by industrial waste from its surrounding. Marianti and Prasetya (2013) also reported people living in 56 villages in the district of Tanjung Mas North Semarang were detected of having average blood lead level at 8.304 ppm and peaked at 17.208 ppm. This detection used hair as bio-indicator for lead.
Lead exposure becomes an unavoidable aspect of people working in a heavy metal industry, considering that it is their main occupation. Chronic exposure of lead gives no direct negative effects towards the workers, resulting in late handling of the symptoms. As known to many people, lead exposure gives detrimental effects to physical and mental health. According to Kahn et al. (2009) , increasing accumulation of lead in body may cause serious long-term detrimental health effects in multi organ level, including heart, liver, kidney, reproductive organs, brain, and erythrocytes.
High blood lead level will increase oxidative stress that affects tissue stability in many organs. The most susceptible organs exposed to lead are liver and kidney. In hepatocytes, lead will induce peroxidative catalyzation of saturated fat, reduction of N-oxide reductor, and formation of hydroxile radical. Tissue damage will result in increasing alanine aminotransferase (ALT) and aspartate aminotransferase (AST) level in blood. This is a crucial sign of disruption in normal liver function (Khan, 2008) . Result of a study in rats posed rat (Xu, et al., 2007; Neyrinck, et al., 2009) .
Chitosan ability in absorbing blood lead needs further examination, especially its comparative effectivity with EDTA, and also its protective properties for liver and kidney in lead acetateexposed rat. ). Chitosan were dissolved in 2% acetic acid. Foods and drinks were freely given (ad libitum).
METHODS
Treatments were given for 30 days. Then, blood was taken using microhematocrite through plexus orbitalis about 3 mL. Obtained wholeblood was then stored in heparin vacutainer tubes. The blood lead level was measured using Atomic Absorbance Spectrophotometry (AAS). The test was conducted at unit 1 LPPT Gadjah Mada University (UGM).
At th 31 st day, blood was retaken for 2 mL to make serum for enzyme ALT, AST and creatinine level measurement. ALT and AST level were treated using photometric method. Creatinine level was measured using deproteinase method. All measurements were conducted unit 1 LPPT UGM.
Data was analyzed using one way ANO-VA. When the result showed significant difference, the test was continued with Duncans Multiple Range Test (DMRT). Statistic analysis used SPSS software version 17. Results of normality and homogeneity analysis from research data showed that blood lead level data was normally distributed and homogen. Because of that, further statistical analysis using one way ANOVA is required. One way ANOVA results showed that there was a significant difference among treatment groups, proven by F value of 4.862 at significance level of < 0.05. Significant difference on variance analysis leads to further test using Duncan Multiple Range Test (DMRT). Results of DMRT is shown below at Table 1 . Research showed that negative control has the highest exposure of lead compared to another groups. Ibrahim, et al. (2012) . It is assumed due to the absence of chelating agents that reduce lead contamintaion inside the body of the rats. Lead elimination fully depends on the ability of body to detoxify the given compound. It is not quite effective to reduce the lead contamination in blood. Lead itself is excreted through urine around 75-80% from its total amount, 15% through faeces, and the rest of it through bile, sweat, nail, and hair (Palar, 2008) . Lead excretion through digestive tracts is mainly affected by passive and active tracts of saliva gland, pancreas, many glands on intestinal wall, epithelial cell regeneration, and bile excretion. Elimination of anorganic lead passes through kidney (major) and breast milk (minor), whereas organic lead is eliminated through urine, faeces (major), and sweat (Kosnet, 2012) . Since all the rats used in this research are male, main pathway of lead elimination from the body goes through the kidney.
RESULT AND DISCUSSION

Results
As widely known, lead in blood is bound to erythrocyte for around 25 days. It settles inside the smooth tissue for 40 days and 25 years inside the bone. Settling lead can be transmitted through the blood once blood lead level decreases. It causes most cases of lead toxication. Slow excretion of lead causes lead to easily settles inside the body tissue and health disturbance.
Different results are shown by groups treated with chelating agents, which are chitosan and EDTA. Measured blood lead level in these groups shows no significant difference from control group, means that the blood lead level of both groups are almost equal. Measured blood lead level from positive control group, which is treated using EDTA, is equal to control group. Whereas chitosan-treated group has higher blood lead level compared to positive control and control group. However, statistical analysis does not give any significant difference. This means that chitosan has equal ability to EDTA to chelate blood lead. According to average measured blood lead level, chitosan at dose of 64 mgkg -1 exerts the best result to lower the blood lead level compared to the chitosan on dose of 32 mgkg -1 and 16 mgkg -1
This research also proves that chitosan posses the potential to become a new chelating agent for chronic lead exposure. Such property is supported by the chemical structure of chitosan which has NH 2 group on its chain. This group will bind to metal ions. Amina group of chitosan has an active side that forms a complex with stable metal ions. Chitosan effectively absorbs those metal ions. Admission of 1% and 2% of chitosan by deacetylation degree of 64%, 65%, and 75% on lead-acetate exposed mice increases ALAD enzyme activity and Hb level (Suharsih 2008) . The increase itself differs significantly from the control group. Escalation of ALAD enzyme acitivity and Hb level in blood can happen due to low blood lead level. This indicates that chitosan lowers blood lead level (Ben-shalom, et al., 2005) Chitosan is proven to have lower ability to chelate heavy metal ions compared to EDTA (although statistically is not significantly different). EDTA has more chain to bind heavy metal compared to chitosan. EDTA usually binds metal cation through two amin groups and four carboxylate groups. At the end, there are six chains for EDTA to bind heavy metal. Meanwhile chitosan only has three amina groups that can bind to heavy metal. However, chitosan may exert equal ability to bind heavy metal as EDTA (Ngah & Fathinathan, 2010) .
Another advantage of using chitosan as chelating agent is that chitosan is not toxic compared to EDTA. Lowest dose of EDTA that still exerts toxic effects towards animal is 750 mgkg . The most common side effect from EDTA chelation therapy is burning feeling on where the medication is injected. Other side effects include gastrointestinal problems, such as nausea and vomiting, as well as headache. In some cases, patients receiving EDTA chelation therapy may also experience sudden drop in blood sugar (hypoglycemia) or in blood pressure (hypotension). Another side effect of EDTA therapy is kidney failure. This is because EDTA binds minerals and causes the kidneys to filter them out. However, in the process, it can overwork the kidney, leading to a condition known as acute tubular necrosis.
EDTA admission for human must be administered through intravenal injection to cure lead toxication. This will be difficult since most chronic lead toxication sufferers do not feel certain symptoms. Most people will reject infuse treatment before getting the symptoms. This will lead people to not seek for help. It is easier to administer chitosan through per oral pathway to those people who are prone to lead exposure, for example workers in brass industry.
AST Level
Comparison of AST level in blood serum between treatment groups is shown below at Fig Results of normality and homogeneity analysis showed that obtained research data of AST level in blood serum was classified as normal and homogen. Further parametric analysis using one way ANOVA method was then chosen.
One way ANOVA results showed that there was a significant difference between each treatment group, proven by F value of 5,084 at significance level of 0.003. This leads to another analysis using Duncan Multiple Range Test (DMRT). Results of given further analysis is shown below at Table 2. 
ALT Level
Results of ALT level measurement in blood serum from each teratment group is shown below at Result of normality and homogeneity analysis showed that ALT level in blood serum of lead-acetate exposed rat was classified as normal and homogen. One way ANOVA was then chosen for parametric analysis.
One Way ANOVA results in a significant difference between each treatment group for F value of 8.691 at significance level of < 0,05. Duncan Multiple Range Test (DMRT) was applied for further analysis. The result is shown below at Table 3 . According to the further test, it is known that all treatment groups do not significantly differ from control group, except negative control group. This means that chelating agents, both EDTA and chitosan, have the ability to protect normal function of liver from negative effects exerted by lead exposure. Where as negative control group, which were exposed by lead-acetate without any chelating agent, has high higher ALT level compared to any other group. High ALT level signs on disruption of liver function. transaminase enzymes are included into nonfunctional plasm enzymes that is not held accountable for physiological function inside the blood. Normally, these enzymes cannot be found in blood. Transaminase existence inside the blood at high level signs tissue damage (Hidayat, et al., 2013) . These two enzymes will be excreted for hepatocytes once hepatocytes are damaged (necrosis). Tissue damage will increase the level of these two enzymes in blood serum (Gajawat, et al., 2006; Wibowo, et al., 2006) . Increasing level of ALT and AST in blood serum of lead-acetate exposed rats is also reported by Khan (2008) .
Groups treated with EDTA and chitosan shows lower ALT and AST level. This means that both chelating agents are able to protect normal function of liver. Both chelating agents inhibit lead infiltration to blood vessel through per oral administration. EDTA and chitosan will bind dissolved lead to amina and carboxylate groups. However, there will still be accumulated lead inside the liver due to chronic exposure. The physiological disruption is not severe compared to rats in negative control group. This condition is proven by average blood AST and ALT level from negative control group which is higher than other groups.
Creatinine Level
Result of creatinine measurement from each treatment groups is shown below at Results of normality and homogeneity analysis showed that creatinine level data is normally distributed and homogen. This allowed Statistical analysis results shows that AST level in blood serum of lead-acetate exposed rats is higher compared to control group. Similar condition is also found in ALT level. This indicates that there is a liver malfunction in rats exposed by lead-acetate. Ibrahim et al. (2012) also reported that stimulation in ALT and AST level were gradually paralleled with increasing Pb 2+ ingested doses. The present result of the liver function parameters (ALT dan AST) shows the damage in liver cells of Pb 2+ intoxicated animal. These observations reported that lead had hepatotoxic effect. The present result shows that effect of lead acetate on transaminase activity is independent. The high plasma ALT and AST activities are accompanied by high liver microsomal membrane fluidity, free radical generation, and alteration in liver tissue histogram.
Statistical analysis of AST level shows that all treatment groups gives different result from control groups. Only a group treated with chitosan in dose of 64 mgkg -1 that gives no significantly different result from control group. Negative control group is not significantly different from a treatment group treated with chitosan in dose of 32 mgkg -1 positive control group, and a treatment group with chitosan in dose of 16 mgkg -1 . Per oral lead exposure will cause lead absorption in jejunum tract. Absorbed lead will move upward into vena porta hepatica to enter liver. In liver, hepatocyte will inhibite enzymes, interference with essential cations, and change membrane and receptor structure. Lead accumulation induces hepatotoxicity through the depletion of glutathione and protein, resulting in enhanced production of reactive oxygen species (ROS) such as peroxide ion, hydroxyl radical and H 2 O 2 . These ROS increase peroxidation lipids and cell membrane damage. According to Prasanthi et al. (2010) Pb-induced decrease in free radical scavenging enzymes is mostly attributed to the high affinity of Pb for sulfhydryl groups or metal co-factor in these enzymes and molecules. Pb also binds to the -SH groups of Catalase (CAT), Superoxide dismutase (SOD), Xantine Oxidation (XO). This leads another inhibition of the following antioxidant enzymes activities. The inhibitory effects of Pb on various enzymes will result in impaired antioxidant defenses by cells and render cells more vulnerable to oxidative attacks.
Damages in hepatocytes can be detected from the presence of aminotransferase aspartate enzyme (AST), or widely known as glutamic oxaloacetate transaminase (GOT) and alanine aminotransferase (ALT) or commonly known as glutamic pyruvate transaminase (GPT). These further analysis of one way ANAVA. One way ANOVA showed a significant difference between each treatment group, proven by F value of 2.773 at significance level of < 0.05. Duncan Multiple Range Test was chosen for another analysis and the result is shown at Table 4 . According to the result of further test, it is known that all treatment groups is not significantly different from control group (normal rats), except the negative control group. This shows that both EDTA and chitosan protect normal function of kidney from lead-acetate effect. Negative control group shows higher creatinine level compared to other group, since it is only exposed to lead-acetate without any chelating agent. Increasing creatinine level becomes a sign for kidney malfunction.
Kidney is an important organ in toxic compund excretion process, including lead. Lead is excreted through urine aroung 75-80% from its total amount, 15% through faeces, and the rest of it through bile, sweat, nail, and hair (Palar, 2008) . Chelating agents can affect metal toxicity by mobilizing the toxic metal mainly into urine (Flora & Pachauri, 2010) . This condition leads to high workload for kidney to excrete toxin from the body.
The effect of lead on renal function can be attributed into the alterations in the antioxidant defensive system, resulting in kidney injury. Lead accumulation inside the cells causes severe damage to mitochondria. Many cells are unable to perform normal functions and this condition causes oxidative stress (Sujatha, et al., 2011) . Lead induces oxidative damage by reducing anti defense mechanism at cellular level and it increases apoptotic bodies in proximal convoluted tubules of kidneys. Lactate dehydrogenase (LDH) activity intoxicates rats with lead acetate (Ibrahim, et al., 2012) .
Further analysis result shows that almost all treatment groups is not significantly different from control group (normal rats), except the negative control group. This indicates that both EDTA and chitosan has the abitility of protecting kidney from lead exposure. Creatinine level in negative control group shows higher number compared to other groups treated with chelating agents. This also indicates a kidney malfunction. According to statistical analysis result, chitosan is able to protect kidney as good as EDTA, although average measured creatinine level from chitosantreated group is higher than EDTA-treated group.
CONCLUSION
Chitosan capable of chelating lead and protecting kidney and liver from lead intoxication. Researchers suggest more organ examinations for further research. Another method aside from AAS to measure blood lead level may also be considered since AAS method requires relatively large amount of blood to validate the result.
